On the basis of the selected thermodynamic data for Ru (III) and Ru(IV) 
Introduction
Chemistry of ruthenium is characterized by some specific properties, such as the existence of various valences from 0 to 8, the relatively easy formation of stable polynuclear compounds, occurrence of various disproportionation and comproportionation processes etc. Widespread application of ruthenium and its compounds in various practical purposes serves as an impulsion for the development of the ruthenium applied analytical chemistry. Currently, selective fast and 124 efficient methods for determination of ruthenium were developed [1] [2] [3] [4] [5] . The choice of the appropriate method requires knowledge of the forms of existence of ruthenium in solution and the composition of its complex compounds. Depending on the solution pH, metal ion concentrations in solution, presence of oxidants and reductants as well as their concentration, ruthenium can exist in the form of several complexes, each exhibiting its own catalytic and voltammetric activities [6, 7] . Within research of the reduction -oxidation mechanism, it is necessary to know if some coexisting species are reduced simultaneously or, conversely, the process has a "stepwise" character and one species reduces gradually [8] . The knowledge of the forms of metal ion in solution facilitates the choice of optimal sorption and extraction conditions. Therefore, the use of suitable analytical methods and procedures of ruthenium research involves a priori knowledge of its forms of existence for the interpretation of mechanisms of predominant reactions of certain species for selecting a suitable procedure.
It is known that the assessment of solubility (S) based on the value of the solubility product can lead to large misinterpretation. This is explained by the fact that the precipitate (solid phase) components in solution are subjected to different reactions of hydrolysis, complex formation etc. Generally, these secondary processes contribute to increasing the precipitate solubility [9] [10] [11] [12] [13] [14] [15] . A particularly strong influence on the precipitate solubility (S) exercises the solution pH value. Determination of the dependence of S on pH requires extensive calculations, since this method involves solving systems of nonlinear equations for mass balance (MB). However, from the solubility diagrams one cannot draw conclusions on the thermodynamic stability of the solid phase when the precipitate solubility is relatively high. Authors [9] [10] [11] [12] [13] [14] [15] proposed a strict criterion for assessing the solid phase stability, based on the Gibbs energy change value of the precipitationdissolution process of solid phases. In general, Gibbs energy variation calculations for these systems were examined in [9] .
The paper presents a thermodynamic approach for the complex chemical equilibria investigation of two-phase systems containing Ru(III) and Ru(IV) hydroxides. This approach utilizes thermodynamic relationships combined with original mass balance constraints, where the solid phases are explicitly expressed. The factors influencing the distribution and concentrations of various soluble ruthenium species were taken into account. The new type of diagrams, based on thermodynamics, graphical and computerized methods, which quantitatively describe the distribution of soluble and insoluble, monomeric and polymeric ruthenium species in a large range of pH values was used.
The developed thermodynamic approach is based on: 1. Analysis of thermodynamic stability areas for the solid phase; 2. Determination of the molar fractions of chemical species in heterogeneous systems precipitate-solution based on the MB equations of the method of residual concentrations (MRC).
Theory and calculations

Thermodynamic stability areas of sparingly soluble Ru(III) and Ru(IV) hydroxides
In the present paper the relations, obtained in [10] , will be applied to determine the thermodynamic stability of hydroxides Ru(III) and Ru(IV) under real conditions, different from standard ones. We will expose the quintessence of this method on the example of the equilibrium of Ru(III) hydroxide with aqueous solution:
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where K S is the equilibrium constant of reaction (1) . The variation of the Gibbs energy of reaction (1) under standard conditions is equal to value cannot serve as a characteristic of thermodynamic stability of Ru(III) hydroxide under real conditions. In this case, the equilibrium is described by the equation of isothermal reaction that for the scheme (1) takes the form:
where 0 Ru C denotes the concentration of ruthenium in heterogeneous mixture. It is easy to see that the Gibbs energy change of reaction (1) depends strongly on the pH value. At the same time the equation (3) can also be applied for the determination of thermodynamic stability of the ruthenium(III) hydroxide as the Ru 3+ ion, depending on the pH and the initial concentration of the ruthenium, 
(The hydrolysis constants were calculated from 0 r G  values using the equation
. Obviously, the ΔG calculation requires accounting for all equilibria (4). A rigorous thermodynamic analysis shows that the change in Gibbs energy of reaction (1) in real conditions is described by the equation [13] :
Here α i represents the hydrolysis coefficient of reactions (4) [13] , defined as:
In relation (6) 
The changes in equation (7) are made by using the consequence of mass action law:
In the case of ruthenium(IV) hydroxide similar relationships are obtained. We present here only the basic equations: 
Figure 2. The curves ΔG r(S) (pH) of the dissolution-precipitation process of Ru(IV) hydroxide,
0 Ru C : 1 -10 -4 mol L -1 ; 2 -10 -6 mol L -1
Repartition of Ru(III) and Ru(IV) soluble and insoluble chemical species towards the solution pH and initial concentrations of ruthenium in heterogeneous mixture solid phase-saturated solution
In formulating MB conditions for the precipitate components in heterogeneous mixture we have taken into consideration the quantity of each component in the solid and liquid phases (residual quantity). Knowing the residual concentration of i-th ion ( m denote the quantity of ion (in moles) in precipitate, in mixture and in volume of liquid phase, respectively. For several systems it was established [17] , that this approximation can be applied for solutions up to 0.5 mol L -1 . Initially, a set of possible reactions [18] in the system Ru(IV)-H 2 O is taken into account: 
Taking into consideration equation (12) 
Results and discussion 
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The subscript index (sum) symbolizes the sum of the all soluble species fractions containing Ru(IV). It is easily to observe that sum S 1   .
The molar fraction of the metal ion from precipitate is defined also as the degree of precipitation [12, 13] . For heterogeneous equilibria, the molar fractions of chemical species depend on the mixture initial composition, in this case of  . It should be mentioned that the relationships derived above is valid only within the thermodynamic stability area of the precipitate (∆G r < 0) [9] . Analogically, DRHS are calculated for the system Ru(III)-H 2 O, where the following equilibria are possible [11] : 
The equilibrium concentration of Ru 3+ ion is calculated using the relation:
From equations (24) and (25) one obtains the expression for calculating ΔC Ru , then the equilibrium concentrations of the free Ru(III) ion and its hydroxocomplexes are determined. 
131
In Fig. 3 (a,b) and 4 (a,b) there are shown DRHS for both systems for two values of Ru (OH) shifts to the acidic solutions and is increased by one pH unit. 4. The ruthenium(III) monohydroxide + 2 Ru(OH) is formed in insignificant amounts under analyzed conditions. 5. The thermodynamic stability area of solid phases increases with growing the initial concentration of ruthenium in mixture.
